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Since the late 1980s, typing methods based on genomic 
DNA polymorphism have been developed for epi- 
demiologic investigations. The power of these methods 
has greatly contributed to a better understanding of 
the epidemiology of pathogenic microorganisms. 
These methods were first used in reference laboratories 
because of their complexity, but the development 
of simplified procedures and the wide availability of 
molecular techniques have made them available in 
many other laboratories, allowing people to set up their 
own typing systems. The drawback of this situation 
is that these typing systems are often not properly 
validated [l-31. 
Validation of a typing method includes evaluation 
of its performance. Several performance criteria are 
essential, in particular typeability, reproducibility, 
stability and discriminatory power. These criteria 
should also be evaluated each time the method is 
applied to a new microorganism or each time a 
parameter (such as a restriction enzyme or a primer) is 
changed in the protocol. In this note, we will focus on 
the discriminatory power of the typing methods, which 
evaluates the ability of the method to differentiate 
unrelated isolates. 
Since genotypic (molecular) typing methods proved 
to be much more discriminative than typing systems 
based on phenotypic markers, it has often been assumed 
that molecular methods are highly discriminative 
whatever the microorganism. However, this assumption 
is wrong. Indeed, one method might be discriminative 
for one microorganism but not for another. This is 
addressed by the report of Voss et al [4]. Investigating 
a limited number of Cand ida  isolates, they observed that 
various molecular methods disclosed different types 
when C a n d i d a  albicans was tested but only one type 
when C a n d i d o  guillermondii  was tested with the same 
methods. They concluded that ‘typing assays that are 
able to delineate a certain Cand ida  species may not be 
used blindly for other species of that genus’. Although 
this conclusion is probably correct, they did not really 
evaluate the discriminatory power of the methods 
because a very low number of isolates (four) per species 
was tested. 
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Evaluation of the discriminatory power 
The discriminatory power of a typing method has often 
been reported as the number of types obtained com- 
pared to the number of isolates tested and has been 
subjectively evaluated by the authors using terms 
like ‘acceptable’, ‘good’, and ‘very good’ without 
mentioning the criteria that were used. In order to 
better quantitate the discriminatory power, Hunter 
has proposed the use of the Simpson index of diversity 
(0) [5]. This index measures the probability that a 
method w d  assign a dgeren t  type to two unrelated strains 
randomly sampled: 
where A, is the number of isolates which are in- 
distinguishable from the j t h  isolate and N is the number 
of isolates. The calculation takes into consideration not 
only the number of different types, but also their 
relative frequencies. If two typing methods result in the 
same number of types, but one method distributes 
most of the isolates into one or two types while the 
other results in a more even distribution, the index of 
discrimination of the latter will be higher than that of 
the first method (Figure 1). For a precise and unbiased 
evaluation of the D value, a large set of isolates, which 
must be (presumably) epidemiologically unrelated, 
should be tested [I]. 
Time-space scale and the resolution of the markers 
The level of discrimination needed depends on the 
time and space scale considered within a given study. 
Despite the fact that this scale is continuous, it has been 
proposed to distinguish between three levels [6]: (1) the 
microepidemiologic level (based on periods of days to 
months, and hospital to regional geographic area; we 
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Figure 1 Fictive example of the index of &scrimination (0) 
obtained from the typing of 50 epidemiologically unrelated 
isolates with two methods A and B. Both methods give the 
same number of types, but their relative fiequencies are 
different and therefore the D values are different. 
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prefer the term ‘microepidemiology’ to ‘nosocomial’ as 
used by Tibayrenc, because ‘nosocomial’ is restricted 
to hospital); (2) the macroepidemiologic level (years 
to few decades, country to continent); and (3)  the 
evolutionary level (million of years, worldwide). This 
classification should not be considered to be rigid: for 
instance, the last cholera epidemic had an international 
spread within a few months. Thus the method should 
be chosen according to the framework of the problem 
under investigation. 
For example, to address situations involving 
the niicroepidemiologic level, a highly discriminative 
method is needed. Indeed, the degree of resolution of 
the genetic markers used must allow us to assume that 
identical genotypes are the result of a short-term 
propagation. For this type of investigation, we have 
proposed that the discriminatory power should be 
considered to be appropriate when the probability that 
two unrelated isolates are attributed to the same typing 
group is <5%, which means that the D value is >0.95 
[7j. This was also endorsed by the European Study 
Group on Epidemiological Markers (ESGEM) [l j .  
Stability of the markers 
With the enhancement of the discriminatory power, 
the typing methods become so sensitive that natural 
niinor mutations are detected. Therefore, inter- 
pretation criteria have been proposed for ‘related’ 
patterns obtained by pulsed-field gel electrophoresis 
(PFGE) [3] .  These criteria are based on the facts that 
one or two mutations might produce differences of 
up to three or six bands, respectively. Isolates are 
considered as ‘related’ if one- to three-band differences 
are detected, and as ‘probably related’ if differing by 
four to six bands. However, these criteria are not 
satisfactory, because the mutation rate may be different 
from one bacterial species to another, and this should 
be taken into account before drawing any conclusion. 
Thus, with a species which has a high mutation rate, 
related isolates observed over a short period of time 
must be presumed to have recent epidemiologic links. 
On the contrary, if the species has a lower mutation 
rate, related isolates are likely to have more distant 
epidemiologic links. For instance, PFGE analysis of 
Pseudomonar aeruginosa in long-term-carriage cystic 
fibrosis patients disclosed a difference of one to four 
bands in about one-third of the patients during a 2-year 
follow-up study [8]. In a study of a regional epidemic 
of inethicillin-resistant Staphylococcus aureus (MRSA) 
over a comparable period of time, 93% (121/130) of 
the isolates had the same PFGE pattern, whereas 7% 
differed by one to three bands [9]. 
To evaluate this stability, long-term studies of 
microbial cultures extended over several years have 
been proposed [1,6]. However, this might not reflect 
the natural growth of the microorganism, and other in 
vivo investigations should also be performed. 
Microevolution of the species 
The estimation of the discriminatory power of a typing 
method may not be sufficient by itselffor its application 
to epidemiologic studies, because other parameters may 
influence the interpretation of the results. For instance, 
within a given species, a particular clone may have a 
slower evolution rate, resulting in a reduced diversity 
among isolates. This niay affect the epidemiologic 
interpretation of the results, since identical or closely 
related genotypes may not be the result o fa  short-term 
propagation. A suspicion of such a clone may arise 
when a type is found at relatively high frequency in a 
population of unrelated isolates (Figure 2). However, 
only the study of the microevolution of the species will 
be able to confirm its existence. For that purpose, the 
typing niethod should: (1) generate patterns complex 
enough to provide a quantitative measure of genetic 
relatedness between two isolates; (2) be verified by an 
independent method to measure genetic distances; and 
(3) reveal microevolutionary changes between isolates 
in a population [lo]. 
Most of the molecular typing systems used for 
nosocornial or epidemiologic purposes do not fulfill 
these criteria [6]. The standard method for evolutionary 
studies and population genetics has been multilocus 
enzyme electrophoresis (MEE). More recently, it hac 
been demonstrated that random amplification poly- 
morphism DNA (RAPD), performed with a large set 
of primers, is also an effective method for that purpose 
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Figure 2 Fictive example of frequency-type distributions 
obtained froiii the typing of two populations (1 and 2) of 
SO epidemiologically unrelated isolates each. The D values 
obtained for both populations are similar, but type 1 of 
population 1 is more frequent than the other types, 
suggesting that these isolates, as they are epidemiologically 
unrelated, may have a slower evolution rate. 
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Stability of the genotype: clonal or non-clonal? 
Many microorganisms have clonal propagation, which 
means that the population is made of lineages of 
genetically identical cells [ 1 11. However, in some 
populations of microorganisms, gene exchanges have 
been found to occur randomly. In such cases, the 
genotypes have no stability because genetic exchanges 
regularly re-form them. Thus, typing methods are of 
very little use for the investigation of the reservoir, 
route and mode of transmission of these micro- 
organisms. Examples of such non-clonal species in the 
bacterial world are Neisseria gonorrhoeae, Campylobacter 
jguni and Helicobacter pylori. The impact of genetic 
exchanges (gene flow) on the population diversity is 
approached by the study of population genetics [6]. 
Regarding Candida albicans, the clonal population 
structure has been demonstrated in populations of 
isolates from HIV-infected patients [12,13] as well as 
from non-HIV-infected patients [lo, 131. However, to 
our knowledge, no population genetic studies have 
been performed on the other species of Candida. 
Despite the fact that most microorganisms studied so 
far have a clonal population structure, the reproduction 
strategy of a species does not imply that the other 
species of the same genus use the same strategy. For 
example, N. meningitidis was reported to be clonal, 
whereas N. gonorrhoeae is considered to be non-clonal 
[6]. Thus, population structure should be known 
before a typing method is used for epidemiologic 
purposes. 
Conclusions 
The power of discrimination, as well as all other 
performance criteria of a given typing method, should 
always be evaluated in relation to a particular microbial 
species. In addition, further work in the area of 
microevolution and population genetics is essential, 
as it can greatly affect the interpretation of the typing 
data. 
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